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C H A P T E R - I 
INTRODUCTION 
Analytical chemistry deals with the methods of identification 
and determination of one or more of the components In a given sample. 
It is used as an intrinsic tool in geology, oceanography, air and 
water pollution. Recent advances in analytical chemistry are charact-
er ized by a great progress towards the more powerful methods of 
separation equaling in significance to the great forward strides made 
in the Instrumental and non-instrumental methods of analysis. Instru-
mental methods have, undoubtedly, a great potential In modern 
technology. However, the non-instrumental methods have the i r own 
Importance because of two reasons. F i r s t l y , they are cheaper and 
secondly they form the basis of standardisation of any instrument. 
Hence, they are always superior to the Instrumental methods from 
the accuracy point of v iew. 
Following are the most commonly used modern analytical 
methods for the separation of substances : 
{ I ) Chromatography 
( I I ) Ion exchange 
( i l l ) Precipitat ion 
( iv ) ' Solvent extraction 
( v ) Electrodeposition 
( v i ) Electrochromatography 
( v i i ) Dialysis 
( v i i i ) Polarography 
Out of them, chromatography is one of the most extensively used. 
versat i le and simple analytical techniques. It is a physical method 
of separation in which a mixture is d is t r ibuted between the two 
phases - stationary and mobile. The technique was f i r s t reported 
and coined as "chromatography" by a Russian Botanist Tswett (1) 
in 1906, who separated the dif ferent coloured ccnstitutents of leaves 
by passing the i r extract through a column of calcium carbonate. 
Strain defined "chromatography" as a separation method in 
which a mixture is appl ied as a narrow in i t ia l zone on to a stationary 
porous sorbent, and the components caused to undergo a di f ferent ia l 
migration by the flow of mobile phase, a l iqu id or a gas. Depending 
upon the nature of the molecule and stationary phases," chromatography 
can be c lassi f ied into various forms as given In Table 1 . As It 
is clear from Table 1 , ion-exchange chromatography is a type of 
l iqu id column chromatography in which ion exchange process takes 
place. It has found numerous applications in science and Industry 
and is , at present, the most important analytical tool in environmental 
analysis, such as, in the recovery of precious metals from industrial 
eff luents, removal of arsenic and toxic inorganics, recovery of impor-
tant organics from paper, wine, cigarette and food processing indust-
r ies , recovery of radioactive isotopes, separation and analysis of 
inorganics in the environment. Many classical separation methods 
can be great ly speeded up by the use of an ion exchange process. 
The recognition of the ion-exchange phenomenon has an inter-
esting h is to ry . The earl iest reference is found in the Holy Bible 
when Moses succeeded in preparing dr ink ing water from brakish water. 
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About a thousand years later, Ar istot le stated that sea water loses 
part of Its salt content when percolating through certain sands (2). 
Thompson (3) and Way (4) observed that calcium and magnesium could 
be exchanged for potassium and ammonium ions in certain types of 
so i l . The f i r s t synthetic aluminium si l icate based . ion exchanger 
was made by Harms and Rumpler (5) in 1903. However, Cans (6) 
was the f i r s t to give technical applications of ion exchangers. The 
f i r s t industr ial product appl icable for technical purposes was sodium 
permutite which was produced by fusing a mixture of clay minerals 
and a lka l ies . Folin and Bell (7) made the f i r s t application of a 
synthetic zeolite for the collection and separation of ammonia from 
urine. Thus, inorganic materials are the f i r s t to be discovered 
as ion exchangers. 
Organic polymers known as ion-exchange resins, were employed 
by Adam and Holmes (8) and the f i r s t polymerization type ion 
exchangers were produced by d 'A lce l io (9) in 1964. These resins 
are produced in the form of spherical beads, usually wi th diameters 
of 0.1 to 0. 5 mm. They may be cation as well as anion exchangers 
depending upon the change of the case matrix and the replaceable 
counter ions. These materials were found to be superior in repro-
d u c i b i l i t y , and chemical and mechanical s tab i l i t y and are, therefore, 
much useful in the circumstances when these characterist ics are of 
great significance. However, they have l imitations wi th regard to 
the i r thermal and radiation s tab i l i t y . They decompose at elevated 
temperatures and under strong radiat ions. Hence, an interest was 
revived in the f ie ld of inorganic ion exchangers. 
K.A. Kraus (10) and C.B. Amphlett (11) are the ear l ier 
pioneers of inorganic ion exchangers who developed the f ie ld and 
gave a direction to the later scientists to explore further the u t i l i t y 
of these mater ials. Juda, Wyll ie and Bodamen described several 
f i lms, castings and membranes of ion exchange resins that are quite 
stable in water ( 1 2 , 1 4 ) . During the last 25 years the research 
groups of Clearf ie ld ( 1 5 , 1 6 ) , Nancollas ( 1 7 ) , Albert i (18 -20 ) , Walton 
( 2 1 - 2 4 ) , Saito ( 2 5 ) , Tomito (26 -28 ) , Inoue ( 2 9 ) , Abe (30 -32 ) , Qureshi 
(33-37) and De (38-40) have also made excellent contribution in this 
f i e l d . According to the i r nature inorganic ion-exchange materials 
can be d iv ided into the following six groups : 
i ) Insoluble acid salts of polyvalent metals 
i i ) Hydrous oxides of polyvalent metals 
i i ) Salts of heteropoly acids 
iv ) Insoluble hexacyanoferrates ( I I ) 
v ) Synthetic aluminosilicates 
v i ) Miscellaneous inorganic exchangers, e . g . mercarbide salts 
and potassium poly phosphates. 
Our main emphasis wi l l be on the salts of polyvalent metals 
as they possess much satisfactory ion-exchange propert ies. The 
most exhaustively studied salt of this category has been zirconium 
phosphate. Clearf ie ld (41) has prepared this material In various 
crystal l ine forms and has explored a wide spectrum of its applications. 
In his recent review (42) he has pointed out many solid state appl ica-
tions of zirconium phosphate and related materials. He concluded 
that new compound which exhib i t ion-exchange behaviour are being 
synthesized at a rapid rate. In addi t ion, t ight three dimensional 
frame works may be induced to exchange cations at elevated 
temepratures. These phenomenon may be used to synthesize new 
compounds and to design materials for conduction and ion-transport 
devices such as sensors, fuel ce l ls , and thermoelectric batteries. 
Ion exchange process may also be useful In catalyst development 
and preparation of crystals wi th interesting optical propert ies. 
Recently an Interest has been developed in the study of 
the Intercalation compounds which can be synthesized by introducing 
some organic molecules in the matrix of inorganic ion-exchangers. 
Intercalation is concerned wi th the layered crystal l ine structure of 
some synthetic inorganic ion exchangers such as the insoluble acid 
salts of tetravalent metals. General formula of some insoluble acid 
salts having a layered structure are : 
M(IV) (HXO^jj.nHjO 
where M(IV) = T l , Zr or Sn 
X = P or As 
Each layer consists of a plane of tetravalent atoms sandwiched between 
tetrahedral phosphate or arsenate group (13-17). The bonds within 
the layers are strong and covalent, and between adjecent layers 
are weak essentially van der Waals. The intercalating properties 
were f i r s t d i s c o v e r e d in 1965 by M iche l and Weiss 
(18 , 19) F i g u r e - I shows the s c h e m a t i c l l y r e p r e s e n t a t i o n 
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of intercalat ion. Upto 1975, no paper was published on th is subject, 
after that , the intercalation behaviour of layered insoluble acid 
salts of tetravalent metals was wri t ten by Lagaly et a l . (50). 
Zirconium phosphate has a number of superior propert ies 
compared wi th other intercalat inq compounds. The layered structure 
of <x-Zr(HP0^)2 H2O was given by Clearf ie ld and Stynes (51). Apart 
from Graphite (52) few other inorganic materials such as clays (53), 
chalcogenides of group IV and VB metals (54), crysta l l ine s i l i c i c 
acids (55), zinc and copper hydroxides (56), potassium niobate (57). 
Zn-Cr(0H)gCI.2H_0 (58) etc. are able to intercalate neutral molecules 
between the layers of the i r structure. To some extent, layered 
phosphates and arsenates of tetravalent metals resemble natural c lays. 
F i r s t , Leigh and Dyer (59) and later Yamanka and Koizumi (60) pointed 
out the analogy between clays of montmorillonlte and OC -zirconium 
phosphate. 
The intercalation process w i l l occur i f some concomitant 
factors are sat is f ied, in part icular : 
( i ) The interactions of the guest molecules wi th the host matrix 
must be stronger than the mutual interactions of the molecules 
wi th themselves. Thus, the surface of the layers of the 
intercalating agent should possess active sites wi th which 
the guest molecules can interact. 
( i i ) The layers must spread apart to accommodate the guest 
molecules. Thus, the inter layer bonding must be weak and 
the stacking of the layers should be such as to not create 
steric hindrance to the free diffusion of the molecule. Owing 
to the ster ic hindrance the intercalation process requires 
an activation energy. 
The natural clays have an ab i l i t y to accommodate polar mole-
cules between the layers. In clays the active sites are the hydroxy l 
groups. It has been observed that the expanding clays possess 
a medium cation density between the si l icate layers (61). For 
example, montmoril lonite wi th a medium cation density has an ab i l i t y 
to intercalate polar molecules, whi le in the case of zirconium phos-
phate type materials the active sites are the - ^ P-OH or - ^ As-OH 
groups, which are Bronsted acids. Table-2 shows the formula and 
the inter layer distance of some layered phosphates or arsenates. 
In the layered phosphates of y - t ypes , inter layer distance 
much higher than that of oC -ones, due to which steric hindrances 
are less, hence, intercalation occurs more easi ly . However, due 
to the observation of a more dense structure of the *)? - type' In 
comparison wi th the cC -ones. The area of the exchange site is 
smaller than in Of-compounds. In graphite and in some other inter-
calating agents, the intercalation process occurs in d is t inct steps 
(62), In which every ' n ' t h interlayer region is f i l l e d unt i l the 
process is completed. "^In the case of layered phosphates, the inter-
calation process proceeds from the external part of the crystal to 
the internal one, and al l the inter layer regions are involved in the 
process. Further, the presence of acid groups between the layers 
makes these exchangers very suitable Intercalating agents of polar 
10 
TABLE 2 
FORMULA, INTERLAYER DISTANCE AND ACTIVE SITE 
OF SOME LAYERED COMPOUNDS 
S.No. Compound Interlayer Active Reference 
distance site 
(A°) (A°) 
1. <X -Zr(HP0^)2.H20 7.55 23.99 47 
2. a -Zr(HAsO^)2.H20 7.78 24.68 64 
3. OC -Ti(HPO^)2.H20 7.56 21.58 44 
4. (X -Ti(HAsO^)2.H20 7.77 22.2 65 
5. OC -Sn(HPOjj)2.H20 
6. Q:-Sn(HAsO^)2.H20 
7. y -Zr(HPO^)2.2H20 
8. y -Ti(HPO^)2.2H20 
7.76 
7.87 
12.2 
11.6 
21.4 
22.6 
17.8 
16.6 
66 
66 
67 
68 
11 
molecules that are Bronsted bases. 
From a pract ical point of v iew, intercalation compounds w i th 
polar molecules loosely bonded to the matrix are very at tract ive 
materials for several reasons : 
( i) They may exchange the guest molecules wi th other polar 
molecules. 
{ 11) They may be considered very suitable materials for ion 
exchange and adsorption in non-aqueous media, 
( i i i ) They may improve both the catalyt ic propert ies and the 
ionic conductance of ion-exchanger. 
Studies on the intercalation behaviour of layered phosphates 
lead to the conclusion that various kinds of polar organic molecules 
can be adsorbed in the inter layer spacings of the ion exchange 
materials. Yamanka has synthesized the organic der ivat ives of 
zirconium phosphate (63).^ 
It is clear from the above that the f ie ld of i/itercalation 
compounds wi th inorganic ion-exchangers has a great promise in the 
years to come. It has a great scope because the variable sized 
interlayers can be obtained by the process of intercalation suitable 
for a part icular separation using inorganic Ion exchangers. These 
materials can now be more selective for some species. In view 
of t h i s , the present study is an attempt to synthesize some new 
materials based on intercalation wi th some organic molecules such 
as alcohols and amines. The material selected for the present 
12 
study has been zirconium(IV) tunqstophosphate as the double salts 
have been found more stable and useful in compariosn to the single 
sal ts. Zirconium(IV) tunqstophosphate is a new ion exchanger and 
possesses good ion exchange behaviour. Its synthesis, characterization 
and ion exchange propert ies have been studied in deta i ls . An attempt 
has also been made to intercalate the aikanols and amines in the 
newly formed ion exchanger in order to obtain modified structures 
of th i s mater ia l . Chapter-M summarizes such a study. 
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CHAPTER - II 
SYNTHESIS AND CHARACTERIZATION OF ZIRCONIUM(IV) TUNGSTO 
PHOSPHATE CATION EXCHANGER AND ITS INTERCALATION DERIVATIVES 
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INTRODUCTION 
Inorganic ion-exchangers have established the i r place in the 
f ie ld of analytical and environmental sciences due to the i r resistance 
to heat and radiat ion and the i r d i f ferent ia l se lect iv i ty for metal 
ions. A var ie ty of materials have been synthesized during the last 
three decades, the most common of which being the hydrbus oxides 
and the heteropolyacid salts of the te t ra - and pentavatent metals 
(1-4) . Recently, the intercalation compounds have become quite 
Interesting because of the i r varying inter layer spacings due to the 
Incorporation of polar organic molecules between the layers of the 
host mater ia l . They have shown promising features important from 
the analytical point of view (5-8) . 
In intercalation the p i l la r ing takes place between the layers 
of a sol id structure resulting into the porous materials useful in 
molecular sieving and shape selective cata lys is . The p i l la r ing of 
the layered sol ids can be h is to r ica l l y dated to the pioneering work 
of Barrer on smectities (9 ) . The p i l l a rs (Figure-2) have a porous 
structure and the dimensions of the channels or the diffusion paths 
are determined by the size of the p i l l a rs and the i r spacing in the 
inter layer region. In the late 70's the concept was revised by several 
authors (Vaughan, Pinnavaia, Shabtai, etc.) and some success was 
obtained in preparing microporous clays p i l la red wi th aluminium or 
zirconium oxycations. At present, besides smectite clays many other 
layered solids are being investigated as precurser to obtain p i l la red 
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FIG.-2 PILLARED LAYERED STRUCTURE (PLS) 
P = 
^2 = 
^3 = 
Pillar 
the repeat 001 distance of the crystal 
the free distance between the layers 
the lateral free distance between the pillars 
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layered structures. The solids having layered structures are summa-
rized below : 
( i ) Smectite clays — Montmorillonites 
— Hectorite 
— Beidel l i te 
— Saponite 
( i i ) Lamellar oxyhalldes - (MOCI) 
( l i i ) Layered double hydroxides — (LDHs) 
« ^ 0 " ^ 2 a . b ^ ^ " ^ b 
M = Mg, Fe, Zn, etc. 
M. = A l , Fe, Cr, etc. 
X" = CI", HCIO^, SoJ", etc. 
( Iv ) Transition metal phosphates - VOPO^, MnO-H_PO^ 
(v) Layered phosphates and phosphonates — Zr(RPO-)_ 
R = H, OH, Organic groups 
The p i l l a r ing species may be either organic or Inorganic 
in nature. The organic species are tetraalkylammonium cations, 
alkyldiamines, benzidines and globular amines l ike 1,4 diazobicycio 
octane and bornylamine whi le inorganic species may be polynuclear 
aqueous aluminium or zirconium species e.g. [AI . ,Oy(OH)-„ . 12H_0] , 
25 
{Zr(OH)2. '»H20]J '^, c l us te rs such as [NbgCI^2 l^ ' ^ ' ^"^^s^^U^^"^ ^"'^ 
3+ 3+ 
complexes l i k e [ C o ( e n ) - ] , [ F e ( b i p y ) ^ ] 
The l aye red z i rcon ium phosphates are good in te rca la t ing agents 
of p o s i t i v e l y charged or bas ic spec ies , but s t e r i c h indrance prevent 
the d i r e c t i n te rca la t i on of b u l k y spec ies . To overcome t h i s p r o b l e m , 
exchanged o r i n te rca la ted phases w i t h an i n t e r l a y e r d is tance much 
h i ghe r than tha t of the o r i g i na l exchanger , may be used as p recurso rs 
f o r the inser t i on of t h i s p i l l a r i n g spec ies . T y p i c a l phases are : 
ZrHNa(POjj)2.5H20 d = 11.8 A° 
Zr(HOP03)2.2C2H50H d = 14.2 A° 
Zr(HOP03)2.2C^HONH2 d = 18.1 A° 
The present s tudy is an at tempt to p repare a new z i rcon ium 
based ion exchanger , p r e f e r e n t i a l l y a double sa l t and then to i n t e r -
ca la te i t w i t h some organic spec ies . As a resu l t z i r con ium( IV ) tungsto 
phosphate has been syn thes ized as a new mater ia l w h i c h possesses 
a good ion-exchange capac i t y and the rma l s t a b i l i t y . Organic molecules 
l i k e amines and a lkano ls have been t r i e d to f i x into i t s ma t r i x to 
ob ta in the d e s i r e d in te rca la t i on compounds. However, v e r y l i t t l e 
success has been obta ined in t h i s d i r e c t i o n . Fo l low ing pages summarize 
the resu l t s of an at tempt to syn thes ize an in te rca la t i on compound w i t h 
z i rcon ium tungsto phosphate as the base m a t r i x . 
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EXPERIMENTAL 
Reagents and Chemicals 
Z i rcony l c h l o r i d e [ZrOCI_.8H_0] and sodium tungstate 
[Na -W0„ .2H-0 ] were obta ined f rom Loba-chemie ( I nd ia ) w h i l e o r t h o -
phospho r i c ac id [ H „ P O ^ ] , amines and a lkano ls were the Glaxo p r o d u c t s . 
A l l o the r reagents and chemica ls were of ana l y t i ca l reagent g rade . 
Apparatus 
A pH-meter model L I -10 f rom El ico ( I nd i a ) was used fo r 
pH measurements w h i l e a Bauch and Lomb Spectronic-20 spec t ropho to -
meter was used fo r the c o l o r i m e t r i c s t ud i es . The t he rmograv ime t r i c 
ana lys is was done on a CAHN Thermobalance model-12050 and the 
composi t ional s tud ies were made using a Var ian atomic absorp t ion 
spec t ropho tomete r . 
Reagent Solutions 
Decimolar so lut ions of z i r c o n y l c h l o r i d e , sodium tungstate, 
o r t h o p h o s p h o r i c a c i d , d i f f e r e n t amines and a lkano ls were p repared 
in deminera l i zed water ( D . M . W . ) . 
Synthesis of Zirconium(IV) Tungsto Phosphate 
A number of samples of z i r con ium( IV ) tungsto phosphate 
were p repa red by m ix ing the so lut ions of z i r c o n y l c h l o r i d e , sodium 
27 
tungstate and orthophosphoric acid in di f ferent volume rat ios. The 
pH of the result ing gel was maintained 0-1 by adding cone. HNO^ 
wi th constant s t i r r i n g . The gel thus obtained was kept for 24 hours 
at room temperature (--^ 30°C) before f i l te r ing and washing wi th DMW 
to a pH 6-7. The material was f ina l ly dr ied in an a i r oven maintained 
at 45°C. The dr ied gel , when put In DMW, gives granules of uniform 
size, suitable for column operations. They were converted Into the 
H - form by treating wi th 1M HNO- for 24 hours wi th occasional 
shaking. A sample for the detai led study was selected on the basis 
of i ts column Ion exchange capacity for Na Ions, appearance and 
apparent s tab i l i t y in acids and bases. Table-4 gives the experimental 
detai ls of the synthesis of the various samples of the mater ial . 
Ion Exchange Capacity ( i . e . c . ) 
The ion exchange capacity ( i . e . c . ) was determined by the 
column process. One gram of the exchanger (H -form) of uniform" 
mesh size (50-100) was placed in a glass column having an internal 
diameter 1 cm, f i t t ed wi th glass wool at Its bottom. The column 
bed was approximately 1 cm h igh , 250 ml of a molar NaNO- solution 
was then passed through i t maintaining a very slow flow rate 
(0.5 ml min ). The effluent thus collected was t i t ra ted against a 
standard 0.1 M NaOH solution to f ind out the Na - ion exchange capclty 
of the sample in terms of the mi l l iequivalent per d ry gram. 
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Therma I Stab i I i ty 
Several 1.0 gram portions of the sample (P-5) were heated at 
various temperatures in a muffle furnace for one hour each and the i r 
ion exchange capacity was determined by the usual column process after 
cooling them to the room temperature. The results are given in Table-5. 
Effect of Eluant Concentration on the Ion Exchange Capacity 
The extent of elution depends upon the concentration of the 
eluant. Hence, a f i xed volume (250ml) of the NaNO^ solution of varying 
concentrations (0 .2 , O.U, 0.6, 0.8, 1.0, 1.2, 1.4 M) was passed through 
a column containing 1.0 gram of the exchanger in H -form and the 
effluent was t i t ra ted against a standard a lkal i (0.1M NaOH) solution for 
the H -ion eluted out. Maximum elution was observed w i th a one molar 
NaNO^ as is evident from Table-6 and Figure-3. 
Elution Behaviour 
The eff iciency of a column is obtained by the elution behviour 
of a mater ia l . For th is purpose a column containing 1.0 gm of the 
material in H - form was eluted w i th a 1.0 M NaNO^ solution having the 
standard flow rate as above collecting several 10 ml fractions of the 
eff luent. These portions were t i t ra ted against NaOH for the H -ions 
released. The total volume used for such an elution was 250 ml . 
F iqure- I shows the elution behaviour of the exchanger. 
Ion Exchange Capacity for Different Metal Ions 
The exchange capacity of the material was also determined for 
the metal ions other than Na by the usual column process described 
above. The results are summarised in Table-7. 
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TABLE - 6 
EFFECT OF ELUANT CONCENTRATION OF THE ION EXCHANGE CAPACITY 
SI . No. Concentrat ion of NaNO- Ion exchange caoac i t y 
(M) "^  (Meq d r y (j-» ) 
1 . 0.2 1.40 
2. 0.4 1.52 
3. 0.6 1.64 
4 . 0.8 1.70 
5. 1.0 1.88 
6. 1.2 1.88 
7. 1.4 1.88 
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TABLE - 7 
ION EXCHANGE CAPACITY OF ZIRCONIUM(IV) TUNGSTO 
PHOSPHATE FOR VARIOUS METAL SOLUTIONS 
SI.No. Metal Solutions Ion exchange capacity 
(Meq/dry g) 
1. LiCI l.UU 
2. NaNOj 1.88 
3. KCI 1.64 
1. Mg(N02)2 1.84 
5. Ca (N03)2 1.72 
6. SrCNOjjj 1.9'» 
7. BaCij 2.10 
35 
pH-Titrations 
pH-t i t rat ions were performed by the batch process using 
the method of Topp and Pepper (10). 500 mg portions of the excha-
nger in the H -form were placed in each of the several 250 ml conical 
f lasks followed by the equimolar solutions of a lka l i metal chlorides 
and the i r hydroxides in di f ferent volume rat ios , the f inal volume 
being 50 ml to maintain the ionic strength constant. The pH of the 
solution was recorded after equi l ibr ium and was plotted against the 
mi l l iequivalents of the OH -Ions added. The results are shown in 
Figure-5. 
Thermogravimetric Analysis 
Figure-6 shows the T.C.A. curve obtained for the mater ial . 
Distribution Studies 
200 mg portions of the exchanger in the H -form were shaken 
for few minutes in 20 ml solutions of di f ferent metal ions in dif ferent 
media. The in i t ia l metal ion concentration was f ixed below 3% of 
the total ion exchange capacity of the sample taken. The metal 
ions In the solutions before and after equi l ibr ium were determined 
by the E.D.T.A. (11) t i t rat ions and the d is t r ibut ion coefficients (Kd) 
were calculated by the fol lowing formula — 
I-F V 
Kd = i - t . - (ml/g) 
F M 
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where 
I = In i t ia l volume of EDTA used 
F = Final volume of EDTA used 
V - Total volume of the solution (ml) 
M = Mass of the exchanger (gm). 
The Kd values for the 14 metal ions in dif ferent solvents are 
given in Table-8. 
Composition 
500 mg of the powdered sample was dissolved in 10.0 ml 
of hydrof luor ic acid by heating on a water bath. 10.0 ml of D.M.W. 
and 20.0 ml of HNO, were then added dropwise. After the reaction 
is subsidized the solution was di luted to 100 mi wi th D.M.W. The 
amounts of zirconium(IV) and tungston were determined by the atomic 
absorption spectroscopic method (12-14) whi le phosphorus was deter-
mined by the t i t r ime t r i c method (15). The molar composition of 
the material was found to be 2:3:6 for Zr, W and P. 
Synthesis of Intercalation Compounds of Zirconium(IV) Tungsto Phosphate 
Following two methods were t r i ed to obtain the intercalation 
compounds wi th zirconium(IV) tungsto phosphate cation exchanger. 
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Method - A 
200 mg of zirconlum(IV) tungsto phosphate in the H -form was kept 
wi th 100 ml of 0.1 M solutions of alkanols and amines protonated 
wi th 0.1 M HClOy solution for seven days at room temperature 
(v-^30°C). The material was f ina l ly washed wi th D.M.W. and dr ied 
in a i r . The dr ied material was then converted into the H -form 
by treating wi th 1M HNO, for 21 hours before determining its ion-
exchange capacity as usual. Table-9 gives the experimental deta i ls . 
Method - B 
In th is method 100 ml of 0.1 M solutions of alkanols and amines 
protonated w i th 0.1 M HCIO„ were added to the gel produced on 
mixing the zirconlum(IV) ch lor ide , sodium tungstate and phosphoric 
acid solutions as per the procedure reported above for the synthesis 
of zirconium(IV) tungsto phosphate. The product was kept for 21 
hours at room temperature (^^~ 30°C) before washing w i th D.M.W. 
to a pH 6-7. It was f ina l l y dr ied in an a i r oven maintained at 
15°C. The material thus obtained was put in D.M.W. to obtain 
granules of uniform size. They were converted into the H -form by 
treating wi th 1M HNO-. The experimental detai ls and the ion excha-
nger capacity of the material produced are summarized in Table-10. 
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INTERCALATION COMPOUNDS 
FIG.-9 A HISTOGRAM SHOWING THE ION EXCHANGE CAPACITIES OF VARIOUS 
INTERCALATION COMPOUNDS OF ZIRCONIUM(IV) TUNGSTO PHOSPHATE 
ION EXCHANGER 
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RESULTS AND DISCUSSION 
The intercalation compounds synthesized during this study 
have shown the ion exchange characterist ics sinriilar to the parent 
zirconium! IV) tungsto phosphate. The ion exchange capacity was, 
however, found to vary with the nature of the intercalating molecules. 
It was observed that the ion exchange capacity decreases with the 
increase in the number of carbon atoms in the intercalating molecule 
(F igure -8 ) . The ion exchange capacity of zirconium(IV) tungsto phos-
phate was found to be better than other materials of this class 
(F igure -? ) . On heating It at dif ferent temperatures for one hour 
each, it was observed that this material loses its ion exchange 
capacity slowly indicating Its appreciable thermal s t a b i l i t y . 
The concentration curve (F ig .3 ) shows the maximum ion 
exchange capacUy at the eluant concentration of I M . The elution 
curve (F ig .4 ) i l lustrates the rapid ion exchange behaviour of zirconium 
( IV ) tungsto phosphate. The pH t i t rat ion curve (F ig .5 ) indicates 
the bifunctional behaviour of th is mater ia l . In the f i rs t step the 
H - L i exchange appears to be faster than the H -Na or H -K exch-
anges indicating a higher af f in i ty for this cation. In the second 
step, however, a reversal in its af f in i ty is observed. Na is more 
strongly adsorbed than the Li and K ions. The Ion exchange capa-
ci ty calculated from the pH t i t rat ion curve (1.88 meq/gm) corresponds 
nearly to the experimental value obtained by the column process 
for Na ions. 
U7 
The distr ibution studies indicate that the material is highly 
selective for all the 14 metal ions in D.M.W. In acidic medium, 
however, i t becomes selective for Cd and Al . Thus, it can 
be used for the selective removal of these metal ions from a sample 
containing the rest . 
Further detai ls regarding the structure of the intercalation 
compounds prepared could not be worked out because of the insuff i -
cient instrumental studies at the moment, such as x - r a y and I .R. 
A thorough investigation in this direction wi l l give conclusively the 
structural evidence of these compounds, which is in progress. 
H8 
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